Postnatal alterations in body water
What are the normal changes in body water distribution after birth and how do they occur? After birth, a contraction of the extracellular compartnent takes place due to loss of interstitial fluid8-12 and accounts, at least in part, for early postnatal weight loss. A contraction in the percentage of total body weight that is extracellular water takes place steadily throughout life. Extracellular water decreases from around 65% at 28 weeks' gestation to 40% at term and 20% by the age of 10 years. 13 Superimposed on this gradual change with time, there is a more abrupt contraction in the extracellular compartment that occurs shortly after birth. This change appears to be closely interrelated with cardiopulmonary adaptation. Several studies now suggest that the postnatal natriuresis/diuresis and extracellular volume contraction is triggered by a surge in atrial natriuretic peptide release brought about by increased atrial stretch as pulmonary vascular resistance falls. 1418 The intravascular compartment may also be acutely expanded during birth because of reabsorption of lung liquid and a variable placental transfusion. It has been suggested that there is movement of water from the intracellular to the extracellular compartment immediately after birth, though the evidence for this is not conclusive as the study in question drew conclusions from cross sectional data from dehydrated subjects. '9 If isotonic contraction of the extracellular compartment is to occur, net water and sodium balance in the first days after birth must be negative and should be regarded as physiological. That early negative sodium balance is physiological is borne out by the observation that, in healthy newborn babies, an increase in early sodium intake leads to an increase in sodium excretion.122021 However all preterm babies have a limited (but variable) capacity to excrete a sodium load so that, despite increasing excretion in response to an increase in intake, sodium retention readily occurs.222 Shaffer and Meade studied sodium balance and extracellular volume regulation in a group of babies between 25-31 weeks' gestation in the first 10 days after birth.12 In the group given a sodium intake of 3 mmol/kg/day, 50% became hypernatraemic, as did 20% in the group given 1 mmol/kg/day. In this study, water intake began at 75 ml/kg/day on the first day, increasing by 10 ml/kg/day until day 5. If a more liberal water intake is allowed in conjunction with sodium intake, extracellular tonicity is maintained by expansion of the extracellular compartnent. This is a common occurrence in neonatal intensive care units; many babies gain weight in the first days after birth, when nutritional intake is clearly insufficient to sustain growth and have a positive sodium balance with a normal serum sodium concentration.22 23 In the majority of babies this cumulative positive balance is subsequently lost; in other words, the normal postnatal changes in body water distribution occur, but are delayed.22 The well recognised diuresis that accompanies improving respiratory function in babies with respiratory distress syndrome is in fact a natriuresisI4
and is an example of delayed postnatal adaptation. Costarino et al confirmed some of these observations in a blind trial comparing sodium restriction in the first five days after birth with sodium supplementation of 3-4 mmol/kg/day from birth.2 Water intake was administered independently. Unfortunately extracellular volume was not measured in this study, nor were the babies weighed. However, sodium balance was positive in the sodium supplemented group on the first day after birth and this group had a significantly higher incidence of bronchopulmonary dysplasia.
Developmental changes in sodium transport How are the age dependent alterations in the regulation of sodium balance brought about? Immediately after birth there is a net stimulus to excrete sodium, followed later by a net stimulus to retain sodium as the demands of growth become paramount. In preterm babies both abilities are limited. The low glomerular filtration rate24 is not a limiting factor for sodium excretion. Circulating levels of natriuretic agents are variable and are influenced by the stage of cardiopulmonary adaptation. '6 The renin-angiotensin-aldosterone system cannot be fully inhibited in preterm babies during intravascular volume expansion, further limiting sodium excretory capacity.25 26 The hypothesis that natriuresis may be induced by redistribution of blood flow to nephrons that are more immature and therefore more salt losing, remains unproved.26 The role of prolactin27 and the kinins28 in the regulation of perinatal body water distribution in unclear.
Of most importance appears to be that both sodium transporting and regulating systems undergo postnatal maturation in a complex and exquisitely controlled manner. Regulatory factors exert their effects via a cascade of intracellular messengers. These intracellular signal systems also undergo postnatal maturation. End organ responsiveness increases with postnatal maturation of cellular signal systems,3'-33 and evidence of this at molecular3l and cellular32 levels, now substantiates clinical observations.33 Atrial natriuretic peptide stimulates membrane bound guanylate cyclase, which leads to an increase in the intracellular second messenger, cyclic guanosine monophosphate (cGMP), generated from endogenous guanosine triphosphate. cGMP interacts with specific protein kinases which in turn catalyse the phosphorylation of several protein substrates and finally leads to a biological effect such as inhibition of sodium reabsorption. Each step in such a cascade is subject to developmental regulation. In a study of preterm babies, the ratio of cGMP to atrial natriuretic peptide was found to increase exponentially in the first three days after birth, then reaching a plateau. The ratio of sodium excretion to cGMP continued to increase over the 10 days of the study.33 This suggests a postnatal increase in the atrial natriuretic peptide/cGMP/sodium excretion cascade and thus an increasing postnatal ability to excrete sodium. 
Periods of sensitivity
arteriosus, necrotising enterocolitis, and bronchopulmonary dysplasia.2-7 In the former condition an expanded intravascular compartment might exacerbate left to right shunting and in the latter conditions, interstitial oedema has been implicated in pathogenesis. Regrettably, these studies have, without exception, failed to standardise sodium intake, so that increased 'fluid' has meant an increased intake of both sodium and water. In contrast to the reduced but rapidly altering sodium excretory capacity, preterm babies have less of a reduced ability to excrete water and this is to some extent compensated for by high insensible water losses. Coulthard Once this has occurred water restriction will be necessary to correct the hyponatraemia safely.
Clinical assessment URINARY SODIUM CONCENTRATION
The fraction of filtered sodium excreted (FeNa) and urinary sodium concentration rise transiently during the postnatal natriuresis and then fall with postnatal age. Values for babies between 25-34 weeks' gestation in the first weeks after birth are around 5%/o and 90 mmol/l respectively.22 'Spot' urinary sodium concentrations bear no relationship to daily sodium balance22 and are of little use in determining the cause of hyponatraemia. A low urinary sodium concentration may be dilutional because of water excess or indicative of avid sodium retention. A high urinary sodium concentration in the presence of hyponatraemia may be due to inappropriate antidiuretic hormone secretion, to expansion of the extracellular compartment as in heart failure, to diuretic treatment or to true renal salt wastage. It is not uncommon for chronic sodium depletion to coexist with extracellular volume expansion as in the baby with cor pulmonale secondary to bronchopulmonary dysplasia who has also been on long term diuretic treatment. Fractional sodium excretion is often used in the evaluation of the oliguric infant. A value below 2.5% is said to be suggestive of prerenal oliguria and the urgent need for volume replacement whereas a high FeNa suggests established renal failure and the equally urgent need for restriction of fluid intake. Unfortunately, an FeNa greater than 2-5% has poor sensitivity to distinguish intrinsic renal failure in the preterm baby.4' SERUM SODIUM CONCENTRATION Water balance, before the postnatal diuresis/ natriuresis, is best assessed by the change in serum sodium concentration. A decrease in serum sodium suggests positive water balance and excessive water intake; a rise in serum sodium suggests negative water balance and possibly insufficient water intake. After the first few days after birth the serum sodium concentration may reflect either water or sodium balance.
URINE FLOW RATE
It is generally held that a urine output less than 1 ml/kg/hour is suggestive of impaired renal function. This is because in the presence of a renal solute load of 15 mosm/kg/day and an approximate maximum urinary concentration of 500-700 mosm/kg water, solute retention would occur if urine flow rate were less than 1 ml/kg/hour. Extremely immature infants have considerably smaller solute loads on the first day after birth, and in these infants it may be more appropriate to regard a urine flow rate of less than 0 5 ml/kg/hour on day 1 and 1 ml/kg/hour thereafter, as abnormal. It has been estimated that the most immature preterm infants might achieve a maximum urine flow rate of around 7 ml/kg/hour. 
